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Plate and shell structures have been widely used in engineering practice. Since 
composite materials combine the advantages of different phase of materials, they are 
well utilized to form composite plates and shells. For the composite plates and shells, 
it is crucial to efficiently study the macroscopic structural response as well as the 
microscopic stress-strain behavior for safty evaluation and economic design. However 
the in-plane periodicty of the microscopic reinforcement and generalized plane stress 
condition in composite or heterogeneous plates and shells prevents the direct 
employment of three dimensional asympotic expansion multiscale analysis method. In 
this thesis, the consistent asymptotic expansion of the displacement field that preserve 
the structural characteristic of plates and shells is employed to develope a multiscale 
formulation which can bridge the mircroscopic and macroscopic behaviors. This 
formulation particularly emphasize the bending response that is very important for 
plates and shells. 
As a foundation for the present multiscale analysis, the consistent aymptotic 
multiscale expansion of the displacements in plates are analyzed in detail, and 
subsequently based on the three dimensional elasticity theory, the microscopic and 
marcroscopic governing equations are established in a rational manner. The 
microscopic is analyzed by the three dimensional eight-node tri-linear elements in 
order to compute the stress fields, the stress resultants can be obtained though the 
thickness integration. Thereafter the homogenized constitutive relationship is 
constructed by mapping the averaged stress resultants and the macroscopic 
deformation modes. Subsequently, the homogenized constitutive law is employed for 
the macroscopic structural analysis using the quadratic Hermite triangular finite 
element method. This shape functions of quadratic Hermite triangular element is 
completely C1 continuous and allow a fast computation of macroscopic response. 
Finally, the proposed formulation is extended to shell problems. Though several 
typical examples it is demonstrated that the proposed multiscale method is very 
effective, which simutaneously achieve the efficient macroscopic strutural analysis as 
















Key Words: composite thin plates and shells; in-plane periodicity; consistent 

















目  录 
摘  要 ......................................................................................................... i 
Abstract .................................................................................................... iii 
第一章 绪论 .............................................................................................. 1 
1.1 引言................................................................................................................. 1 
1.2渐进展开多尺度理论的历史及现状 ............................................................. 2 
1.3 本文的选题背景 ............................................................................................ 4 
1.4 本文的主要内容 ............................................................................................ 5 
第二章 渐进展开多尺度分析的基本理论 .............................................. 7 
2.1 渐进展开多尺度分析 .................................................................................... 7 
2.1.1 周期性材料及场变量的渐进多尺度展开 .......................................... 7 
2.2 三维弹性力学问题的渐进展开多尺度分析方法 ........................................ 9 
2.2.1 基本理论 .............................................................................................. 9 
2.2.2 周期性边界条件的施加 .................................................................... 14 
2.3 三维数值算例 .............................................................................................. 15 
2.3.1 三维均质算例 .................................................................................... 15 
2.3.2 三维非均质算例 ................................................................................ 19 
2.3.3 三维多尺度算例 ................................................................................ 29 
2.4 小结............................................................................................................... 34 
第三章 复合薄板结构弯曲特性一致渐进展开多尺度分析 ................ 35 
3.1薄板结构的多尺度分析 ............................................................................... 35 
3.1.1 位移场的渐进展开表达式 ................................................................ 36 
3.1.2 薄板变形基本方程 ............................................................................ 38 
3.1.3 宏微观控制方程 ................................................................................ 42 
3.2 胞元问题的有限元离散 .............................................................................. 45 
3.2.1胞元问题的变分形式与有限元离散 ................................................. 45 
3.2.1胞元的均匀化分析 ............................................................................. 46 
















3.3 宏观薄板结构的二次 Hermite三角形有限元分析 .................................. 50 
3.3.1 薄板的宏观控制方程 ........................................................................ 50 
3.3.2二次 Hermite有限元离散 ................................................................. 51 
3.4 数值算例 ...................................................................................................... 55 
3.4.1 均质薄板算例 .................................................................................... 55 
3.4.2 各向异性薄板的均匀化分析算例 .................................................... 59 
3.4.3 多尺度分析 ........................................................................................ 61 
3.5 小结............................................................................................................... 73 
第四章  复合圆柱壳结构多尺度分析 .................................................. 75 
4.1圆柱壳结构变形基本方程 ........................................................................... 75 
4.2圆柱壳结构的宏观尺度有限元分析 ........................................................... 79 
4.2.1 圆柱壳控制方程弱形式 .................................................................... 79 
4.2.2 柱坐标系下的二次 Hermite形函数有限元离散 ............................ 79 
4.3 数值算例 ...................................................................................................... 81 
4.3.1 各向异性薄壳的均匀化分析算例 .................................................... 81 
4.3.2 多尺度分析算例 ................................................................................ 81 
4.4 小结............................................................................................................... 88 
第五章 结论与展望 ................................................................................ 89 
5.1 结论............................................................................................................... 89 
5.2 展望............................................................................................................... 90 
参考文献 .................................................................................................. 91 
致谢 ........................................................................................................... 99 



















Abstract in Chinese .................................................................................... i 
Abstract in English ................................................................................. iii 
Chapter 1  Introduction .......................................................................... 1 
1.1 Introduction .................................................................................................... 1 
1.2 Overview of Asymptotic Expansion Multiscale Method ............................ 2 
1.3 Motivation ....................................................................................................... 4 
1.4 Objective and Scope ....................................................................................... 5 
Chapter 2  Theory of Asymptotic Expansion Multiscale Analysis ..... 7 
2.1 Formulation of Asymptotic Expansion Multiscale Analysis ...................... 7 
2.1.1 Periodicity and Multiscale Asymptotic Expansion of Field Variables .. 7 
2.2 Three Dimensional Asymtotic Expansion Multiscale Method for 
Elasticity Problems .............................................................................................. 9 
2.2.1 Fundamental of Three Dimensional Asymptotic Expansion Multiscale 
Method ........................................................................................................... 9 
2.2.2 Enforcement of Periodic Boundary Conditions .................................. 14 
2.3 Numerical Illustration ................................................................................. 15 
2.3.1 Algorithm Verification for 3D Homogeneous Structure ..................... 15 
2.3.2 Homogenization Analysis for 3D Heterogeneous Structure ............... 19 
2.3.3 3D Multiscale Analysis Example ........................................................ 29 
2.4 Concluding Remarks ................................................................................... 34 
Chapter 3  Consistent Aymptotic Expansion Multiscale Analysis of 
Heterogenous Thin Plates ...................................................................... 35 
3.1 Multiscale Formulation for Plate Structure .............................................. 35 
3.1.1 Asymptotic Expansion of Displacement Field .................................... 36 
3.1.2 Deflection Formulations of Thin Plate ................................................ 38 
3.1.3 Derivation of Local and Global Governing Equations ....................... 42 
3.2 Finite Element Discretization of Unit Cell Problem ................................. 45 
3.2.1 Variational Formulation and Discretization of Unit Cell Problem ..... 45 
3.2.1 Homoginzation Analysis for Unit Cell Problem ................................. 46 
















3.3 Analysis of Global Thin Plate with Quadratic Hermite Triangular Finite 
Elements .............................................................................................................. 50 
3.3.1 Governing Equations for Thin Plate Structures .................................. 50 
3.3.2 Discretization of Quadratic Hermite Finite Elements ......................... 51 
3.4 Numerical Illustration ................................................................................. 55 
3.4.1 Algorithm Verification for Homogeneous Thin Plate ......................... 55 
3.4.2 Homogenization Analysis for Heterogeneous Thin Plate ................... 59 
3.4.3 Multiscale analysis illustration ........................................................... 61 
3.4 Concluding Remarks ................................................................................... 73 
Chapter 4  Multiscale Analysis of Heterogeneous Cylindrical Shells
 ................................................................................................................... 75 
4.1 Basic Equations for Cylindrical Shells ....................................................... 75 
4.2 Multiscale Formulation for Cylindrical Shelll Structure of Global 
Problem ............................................................................................................... 79 
4.2.1 Weak Form .......................................................................................... 79 
4.2.2 Discretization of Quadratic Hermite Finite Elements in Cylindrical 
Coordinate System ....................................................................................... 79 
4.3 Numerical Illustration ................................................................................. 81 
4.3.1 Homogenization Analysis for Heterogeneous Cylindrical Shell ........ 81 
4.3.2 Multiscale Analysis Illustration .......................................................... 81 
4.4 Concluding Remarks ................................................................................... 88 
Chapter 5  Conclusions ......................................................................... 89 
5.1 Summary ....................................................................................................... 89 
5.2 Future Research ........................................................................................... 90 
References ................................................................................................ 91 
Acknowledgments ................................................................................... 99 













硕士学位论文                                       第一章 绪论   
 
1

















































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
